From an enrichment culture of white-crystal deposits from aged Cheddar cheese, an atypical Lactobacillus strain was characterized. The new isolate is facultatively heterofermentative, has a G+C content of 40 mol%, and produces D and L isomers of lactic acid. The strain had a limited ability to ferment carbohydrates. It utilized fructose, galactose, glucose, lactose, maltose, mannose, and ribose but was negative for esculin, gluconate, citrate, and several other carbon sources. The isolate also had low DNA-DNA homologies with strains of LactobaciUlus casei and Lactobacillus plantarum. Cheese prepared with milk containing the isolate developed white crystals during curing. Formation of copious D-lactate from unknown substrates during curing probably caused the white-crystal deposits. The strain has been deposited in the American Type Culture Collection (ATCC 49178).
The synthesis of D-lactate by ripening flora in Cheddar cheese can lead to precipitation of calcium lactate crystals on the surface of the cheese, which is detrimental to cheese appearance and consumer acceptance (4, 12) . Bacteria that produce significant D-(-) isomer of lactic acid and grow well in milk include Lactobacillus, Leuconostoc, and Pediococcus spp. (5) . An atypical Lactobacillus strain has been characterized in this study, and the involvement of the bacterium in white-crystal formation has been confirmed.
MATERIALS AND METHODS
Strain isolation and identification. Strains were isolated from an enrichment culture of white-crystal deposits from commercial aged Cheddar cheese (provided by M. E. Johnson, University of Wisconsin). Investigators plated samples of crystals from commercial cheese on modified Rogosa SL agar (3) as described by Thomas and Crow (13) and tested several colonies for D-lactate production (M. E. Johnson, B. A. Riesterer, and N. F. Olson, submitted for publication). An active culture consisting of several colony types was provided to our laboratory. One loopful of the enrichment culture was streaked on modified Rogosa agar (MRS medium [3] containing 2% agar), and the plates were incubated at 37°C for 18 h. Strains were purified by repeated single-colony isolations on 18 h, with occasional shaking at 37°C. DNA was precipitated from the cell lysate and purified as described elsewhere (9 (Fig. 1) but not in cheese prepared from uninoculated milk. D-Lactate concentration increased steadily during curing and reached a maximum of about 1.5 g/100 g of cheese. L-Lactate concentration decreased from 1.6 g/100 g to 0.9 g/100 g during the first month of curing and increased slightly in the subsequent 5 months to 1.25 g/100 g. Colonies with morphology similar to that of the original isolate were recovered from the crystal deposits and purified. The largest colony type was found to have physiological properties identical to those of UW 1. Colonies of other sizes with morphologies similar to that of UW 1 were also recovered.
Characterization of UW 1. Cells cultured in MRS broth were rods approximately 0.9 by 4 p,m and grew singly or in clusters (Fig. 2) a Growth and end products in both conditions were measured in the stationary phase (24 h).
b Cells were grown in a flask with a cotton plug containing 450 ml of BSM plus 1% glucose.
c Cells were grown in a 1,093-ml round-bottom flask containing 450 ml of BSM plus 1% glucose. The flask was sealed, and cysteine HCI (0.1% wt/vol) was used as a reducing reagent to maintain anaerobic conditions. raised, circular, and smooth and had a diameter of 1 to 1.5 mm. Catalase was not detected, and cultures were negative for CO2 production by the hot-loop test. Cell growth was inhibited independently by chloramphenicol (0.5 p,g/ml) and by tetracycline and penicillin (each at 1 p,g/ml) in 10 ml of BSM broth containing 1% glucose. UW 1 grew in the presence of sodium azide (50 ,ug/ml). The pH range for growth was 5.0 to 7.5, with an optimum of 6.0 (Fig. 3a) . The organism grew well at 20°C to 42°C with optimum growth at 37°C (Fig. 3b) . Slow growth was observed at 15°C, but no growth was detected in MRS after 1 week at 4°C. Poor growth was observed at 50°C. Growth was detected in MRS broth containing up to 6% (wt/vol) salt (Fig. 3c) , but growth rate and cell yields progressively decreased with increasing salt (Fig. 3c) . These observations suggested that the organism belonged in the genus Lactobacillus.
DNA isolated from UW 1 had an average base composition of 40.0 ± 0.5 mol% G+C. The isolate was tested for utilization of several carbon sources (Table 1) . It had limited ability to ferment carbohydrates. UW 1 grew on and produced acid from fructose, galactose, glucose, lactose, maltose, mannose, and ribose. In contrast to many lactobacilli in group II (7), it did not utilize cellobiose, esculin, gluconate, mannitol, melizitose, salicin, or sorbitol ( The detection of acetic acid from ribose (data not shown) indicated that UW 1 is facultatively heterofermentative. Growth yields and fermentation products from glucose were determined (Table 3 ). The main product of glucose fermentation was lactic acid, and a significant proportion was the D isomer. Calculation of the carbon balance indicated that nearly all could be accounted for by formation of D-and L-lactic acids in the aerobically grown cultures. Repeated experiments with anaerobic cultures gave 84 to 88% carbon recovery in D-and L-lactic acids. Fermentation products other than lactic acid are probably formed anaerobically.
The DNA-DNA homologies of UW 1 with other heterofermentative lactobacilli that produce D-and L-lactic acids were determined. When a limited number of strains were used, low homologies were found with Lactobacillus casei and Lactobacillus plantarum (Table 4 ).
DISCUSSION
We have characterized an unusual Lactobacillus strain from crystal deposits on Cheddar cheese and have confirmed that cheddar cheese prepared from milk containing the isolate forms heavy crystal deposits. Lactobacillus UW 1 produced significant quantities of D-lactate, which has been demonstrated to be involved in crystal deposition (4, 12) .
The new isolate appears atypical for known lactobacilli that produce D-and L-lactic acids and are commonly found in cheese. The unusual carbon utilization pattern distinguished the organism from other facultatively heterofermentative DL-lactic acid lactobacilli including L. plantarum and Lactobacillus casei subsp. pseudoplantarum. The inability of UW 1 to use esculin, gluconate, and citrate is atypical for these species. Poor taxonomic similarity of UW 1 with L. casei and L. plantarum was supported by low DNA homologies and differing moles percent G+C contents. In its sparse carbohydrate fermentation pattern, UW 1 is similar to Lactobacillus casei subsp. tolerans of the group II lactobacilli (7), and Lactobacillus helveticus of the obligately homofermentative lactobacilli (group I) (7) . UW 1 can be distinguished from these species by its moles percent G+C, facultatively heterofermentative metabolism, maximum growth temperature, and fermentation of ribose.
Carbohydrate fermentation pattern can be a poor indicator of species relatedness in lactobacilli, since genes for utilization of carbohydrates may be located extrachromosomally on plasmids (2) (1, 7) . Our results suggest that UW 1 may inhabit a specialized niche where there is selection for fermentation of a limited number of carbohydrates and for production of significant quantities of D-lactic acid. Species identification and confirmation of the uniqueness of the isolate will require further work.
